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Simultaneous Determination of 12 Pesticide Residues in Corydalis Rhizoma by HPLC-MS/MS  
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ABSTRACT: OBJECTIVE  To establish a method based on LC-MS/MS for the determination of 12 kinds of pesticide 

residues in Corydalis Rhizoma. METHODS  Corydalis Rhizoma samples were extracted with acetonitrile, and purified by 

N-propylethylenediamine(PSA) column. The prepared samples were analyzed using LC-MS/MS in multiple reaction 

monitoring(MRM) mode by positive electrospray ionization with a ZORBAX Eclipse plus C

18

 column as the analytical column. 

The pesticides were quantified by the internal standard method. RESULTS  All the 12 pesticides showed good linearity in their 

reasonable range(r=0.997 7−0.999 9), the recoveries were 65.5%−117.8%, with the RSDs of 0.4%−4.5%. The limits of detection 

were 0.1−2.5 µg·kg−1
. CONCLUSION  The method established in this study is simple, sensitive and reproductive which can be 

applied on the analysis of pesticide residues in Corydalis Rhizoma. The quality of Corydalis Rhizoma is basically good for the 

safety although it contains a trace of several pesticides residues. 
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Agilent 1200 ����-6430 Z ¡¢£¤¥

¦�§(¨� Agilent ©ª)�«U¬®¯°±

(ESI)²SUPELCO ³�´µ§²N-EVAP

TM

111 ¶
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¿ÀÆ )6 12 @T�EeÚÛÅÜ±� Dr. 

Ehrensterfer(ÆÝÅ>97.0%)²ÞßàÒZáâ(¨

� Sigma ©ª�ãäÎP0272�ÆÝÎ99%)6 

å�Ô���æÛ 20 ã�?�
çèéê@

Aë 10 ã(No.1~10)�
çìíê@Aë 2 ã

(No.11~12) � 
 ç � î � 3 × ï ð ñ 3 ã

(No.13~15)�òóôî� 1 ã(No.16)�éõö÷ø

ùïðñ 2 ã(No.17~18)�éõö÷�9úû 2 ã

(No.19~20)6+üý No.14�18�20 2þ�P No.15

2ç���?�Å2
ç6æÛ)
ç��Û�

Ûm��	
��I�����iÅ2�9�

�� Corydalis Rhizoma6�ÔEæÛ�����

È�������EIJ+ü�@A��<P�

�ë6 

2  ���	
 

2.1  �ØÛ����   

 µ�Û!"(B 3 ä#)5.0 g�$%�&Xa

50 mL�'( 30 min��)*�+,-. 30 min�

¯/�µ01���ÏÐÑÒÓ 5 g�'( 30 min�

$%�µ 10 mL � 40 2345678 1 mL�(

PSA9Ë(�æ8Ë0�8 1 cm ÏÐÑÒÓ�#X

a 10 mL:;<)0�#Xa<=>? 3@�A@

1 mL�<�(B�9Ë0�#Xa 25 mL<C�

�Ô<C��40 2345678 1 mL�(·¸§

0¸7D¹��&Þß��[EVÄ-Ð(3�2)2�

Ù�5Ý2 0.24 µg·mL

−1
]100 µL��& 60%VÄ

900 µL�+,��F�GH�¯/�IJ6 

2.2  eÚÛ��E�� 

2.2.1  eÚÛPÞßK���E��  $% µ

êT�eÚÛPàÒZáâL��#VÄ¿M�

N8 1 mg·mL

−1
K��6 

2.2.2  Þß��E��  $%OµÞßK���L

��#VÄ-Ð(3P2)�NÞß5Ý2 0.24 µg·mL

−1

E��6 

2.2.3  G�eÚÛ��E��  $%OµêT�

eÚÛK���L��#VÄ-Ð(3P2)�N5Ý

¿M2 12�18�36�60�120�180�300 ng·mL

−1

G�eÚÛ����¿M�&ÞßK��L��

�ÞßE5Ý2 24 ng·mL

−1
6 

2.2.4  È¦G�ßQÛ��E��  µRST�

ETUæÛÈ¦�V	2.1WX��-.�·¸

§0¸7D¹��&0YG�eÚÛ��ê 1 mL�

ZH�IJ6 

2.3  ��[\   

��ËÎZORBAX Eclipse plus C

18

(2.1 mm]

100 mm�1.8 µm)²^_�ÎA �ÎÐ(S 0.1%V

Ò� 5 mmol·L

−1
VÒ`)²B �ÎXa(S 5%Ð�0.1%

VÒ� 5 mmol·L

−1
VÒ`)²aÝ<CÎ0~0.3 min�

90%A²0.3~4 min� 90%A →60%A²4~13 min�

60%A→40%A²13~15 min�40%A→5%A²15~20 min�

5% A²^bÎ0. 4 mL·min 

-1

²ËcÎ40 2²�æ�Î

5 µL6 

2.4  ¦�[\  

¬¯±deÎ¬®¯°Ö²¬¯±¢�Î

fde²®Ö�Î·�²®Ö�4gÎ50 psi²h

i�eÎf¯°hi²mh�eÎ:jk�h

(MRM)²¬®¬4Î4 000 V²¯°±cÝÎ

350 2²¹l�cÝÎ350 2²¹l�^bÎ

12 L·min

−1
6?�mn�� 16¦�o�o 16 
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���� 

1−_ÏÐ�2−ÑÒÓ�3−ÔXÕ�4−ÖÕ×�5−ÔÔØ�6−_ÙÓ�

7−ÚÛ¦�8−^ÜÐ�9−_ÝÐ�10−Þ�Ð�11−ßàá�12−âã

ä�13−Ð�Ú]�(åæ) 

Fig 1  TIC of mixed reference substance(A) and sample(B) 

1−methamidophos; 2−carbendazim; 3−trichlorfon; 4−imidacloprid; 

5−dichlorvos; 6−metalaxyl; 7−triadimefon; 8−diazinon; 9−phorate; 

10−phoxim;  11−chlorpyrifos; 12−chlorfluazuron; 13−triphenylphosphat 

2.5  ¿À��E�p 

2.5.1  ßQqr  $%Oµ 7 sRB5ÝEÈ¦

G�ßQÛ��ê 5 µL��æ�tuêvhw¿

xÞß MRM ��yz{�EêN¿E5ÝxÞß

5Ý|2}~ß(X)�êN�Eyz{xÞßyz
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Tab 1  The species and detection parameters of pesticides 

çè¿éW/V 

ê! ë=S�� 

ì¾í`/ 

min 

îïð/ 

m/z 

ñWïðò/ 

m/z 

ñ�ïðò/ 

m/z 

ñWñ�ïð 

,Só�k 

ôåõö 

÷ø/V 

ñW ñ� 

 1 _ÏÐ  0.93 142.0  94.1 125.0 100�48  92 10 10 

 2 ÑÒÓ  2.24 192.1 160.1 132.1 100�20  88 14 34 

 3 ÔXÕ  3.32 256.9 109.1 221.0 100�28  86 14  6 

 4 ÖÕ×  3.73 256.1 209.1 175.1 100�91 100 10 14 

 5 ÔÔØ  5.26 221.0 108.9 145.0 100� 5 120 15 15 

 6 _ÙÓ  6.63 280.2 220.1 192.1 100�72  86 10 14 

 7 ÚÛ¦  9.74 294.1 197.1 225.1 100�49  98 10 6 

 8 ^ÜÐ 13.81 305.1 169.1 153.1 100�78 118 18 18 

 9 _ÝÐ 14.53 261.0  74.9 199.0 100� 6  64  1 4 

10 Þ�Ð 14.75 299.1 129.1  77.1 100�85  76  2 30 

11 ßàá 15.87 349.9 97.0 198.0 100�86 100 34 10 

12 âãä 16.06 540.0 382.9 158.0 100�34 124 16 20 

13 Ð�Ú]�(åæ) 13.62 327.1 214.7  77.0 /  70  5 17 
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Tab 2  Linear test results of 12 pesticide standards 

ë=S�� T���/µg·kg

−1
 T�¢£ 

r 

ÑÒÓ 1.173~29.32 Y=0.269 1X+0.286 9 0.999 1 

âãä 16.79~419.7 Y=0.107 2X+0.000 3 0.997 7 

ßàá 25.15~628.8 Y=0.219 6X+0.007 3 0.998 9 

^ÜÐ 2.365~59.12 

Y=0.358 5X−0.000 7 

0.999 2 

ÔÔØ 11.97~299.2 Y=0.250 0X+0.000 8 0.999 8 

ÖÕ× 11.34~283.5 Y=0.020 9X+0.000 7 0.999 3 

_ÙÓ 2.466~61.66 Y=0.342 9X+0.008 5 0.999 8 

_ÏÐ 7.508~187.7 

Y=0.234 1X−0.032 4 

0.999 7 

_ÝÐ 25.87~646.7 Y=0.164 0X+0.000 2 0.999 9 

Þ�Ð 5.524~138.1 Y=0.327 4X+0.006 4 0.999 7 

ÚÛ¦ 12.02~300.4 Y=0.181 9X+0.006 0 0.999 6 

ÔXÕ 21.76~544.1 Y=0.129 3X+0.000 2 0.998 8 

2.5.2  §?$%ÝØ�   µG�eÚÛ��

(60 ng·mL

−1
)���æ 6 @�tuyz{���v

h�yz{xÞßyz{E|���kE RSD

����§?$%Ý��� 12 @T�E RSD Å

p 0.7%~4.7%Þ(n=6)���T�fgmhEJ�

[5]

6 

2.5.3   ��Ø�  �#���æ���E��

Ü����E ��6 µ 6�æÛ!"(B 3 ä

#)5.0 g�(�����¿M$%�& 0.6 µg·mL

−1

EG�eÚÛ��(RSÞß)ê 0.5 mL�V	2.1

WX��«��ØÛ����������k

RSD������ ��6���� 360Yhi

T�êN¿hJ��� RSD Å<5.9�� ���

��T�fghØJ�

[5]

6 

2.5.4  ���Ø�Pm{o   µ 9 �æÛ!"

(B 3 ä#)5.0 g�E 3 �2 1 w�¿M$%�&

0.6 µg·mL

−1
EG�eÚÛ��(RSÞß)ê 0.15�

0.5�1.5 mL��æÛ5Ý¿M2 0.018�0.06�

0.18 mg·kg

−1
�V	2.1WX��«��ØÛ���

�æ¿À�������B�E�5Ý�æ��

�E 3 ���êT�m{o����� 3612 @

T�E�æ���È�0¿�p 65.5%~117.8%�

��m{oÅ�� 2.5 µg·kg

−1
� 2���T�f

ghiEJ�

[5]

6 

2.6  æÛhi 

V¡¢��e 20 ã����T�fg��

hi���m{:MW�VKW�Z[\P£Ñ

à�?�T�Åzm{�hi���� 46¤hi

��¿À�12 @T��m{�¥¦E2:MWPV

KW�Z[\P£ÑàU§�m{tS�Å¨��

m{�¥¦2:MW�©?S�ªÅp 0.04 mg·kg

−1

EX�« 2���ET�fg¬®�6 

3  �� 

j|®RBE¯µ�Ù���#Ç\PVÄ

¯µ®°¿�t¯µE±¦:�²Ö³Ý36#

Xa¯µ�¢�39®�L�¯µ"�®¦�©

�3§e���æÛ�´µ��¦E¶·6¸j

�#¹�Ðº»�¼#Xa¯µ���¯µ"�

R�Xa�©¯µ�½�¾¿ÀÁ�«�#Xa

�2¯µ�Ù6 
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Tab 3  Repeatabtity, recovery and lowest detectable limits of 12 pesticide standards 

ù°� }°� �°� 

ê! ë=S�� úû�/% 

 5±/% RSD/%  5±/% RSD/%  5±/% RSD/% 

LOD/ 

mg·kg

−1
 

 1 ÑÒÓ 2.5  77.9 1.8  87.2 3.9  89.6 2.4 0.3 

 2 âãä 3.2 111.4 1.4 113.3 4.5 117.8 3.7 0.3 

 3 ßàá 2.3  98.7 4.5 107.5 2.4 104.0 0.9 1.0 

 4 ^ÜÐ 2.1  83.1 2.9  90.7 2.4  92.3 1.6 0.1 

 5 ÔÔØ 4.5  65.5 4.3  66.2 1.4  68.6 3.5 1.6 

 6 ÖÕ× 1.3  95.6 1.9  97.6 1.2  94.8 1.5 0.8 

 7 _ÙÓ 1.2  89.8 2.1  96.0 1.5  97.3 1.5 0.1 

 8 _ÏÐ 2.7  94.9 4.4  91.5 3.5  94.8 0.4 0.8 

 9 _ÝÐ 1.8  86.1 0.7  92.8 2.2  93.1 1.7 2.5 

10 Þ�Ð 1.2  95.8 2.0 100.7 1.6 100.0 1.5 0.2 

11 ÚÛ¦ 1.4  85.4 1.8  92.7 1.8  94.95 1.7 1.2 

12 ÔXÕ 5.9  98.6 2.1  98.2 2.6  99.0 4.3 0.4 

� 4  ��	(�)��*+,�-�� 

Tab 4  Results of pesticide residues in Corydalis Rhizoma 

¶! ÑÒÓ/mg·g

−1
 _ÙÓ/mg·g

−1
 ÚÛ¦/mg·g

−1
 Þ�Ð/mg·g

−1
 ¶! ÑÒÓ/mg·g

−1
 _ÙÓ/mg·g

−1
 ÚÛ¦/mg·g

−1
 Þ�Ð/mg·g

−1
 

 1  0.044 ü ü ü 11 ü <0.002 <0.012 <0.005 

 2 <0.001 ü ü ü 12 <0.001 <0.002 ü ü 

 3  0.033 0.008 2 ü ü 13 ü ü ü ü 

 4  0.011 ü ü ü 14 ü 0.016 7 ü ü 

 5  0.014 <0.002 <0.012 ü 15 ü ü <0.012 ü 

 6  0.001 <0.002 ü ü 16 0.008 ü ü ü 

 7  0.026 ü <0.012 ü 17 ü ü <0.012 <0.005 

 8  0.002 ü ü ü 18 ü 0.004 ü ü 

 9  0.005 ü ü ü 19 ü 0.008 ü ü 

10  0.005 ü ü <0.005 20 ü 0.006 ü ü 

ý − ¸>� 

ý − Not detected 

m�UÂT�fghi�ß����ÂÃ

Ä

[6-10]

���|®�ÅÆÇÈÉË�ÊËÖÌÍÈ

¤¥Ë�PSA Ë�TPH ËSRB³�´µËE²

Ö"����ýpÅÆÇÈÉË0UDÎnET

�zÏ<C��12 @T�pÊËÖÌÍÈ¤¥Ë�

PSA Ë0E���z�¿ÐÑM�t�#,��

��®Ô��©²Ö"�®Ò�«�� PSA Ë�

�²Ö6¸e<C�ÙP<CÓ{���ÔÖ|

®�¿M���Xa�Ç\ÕXÒXâ(1�1)�3%

VÄEÇ\SRB<C�ÙE�RB<CÓ{�

���# 25 mL Xaw�È�<CÖ×���Ø

ÙÚÒ²Ö"�6p PSA Ë0Û&L�ÏÐÑÒ

Ó�EýÜ¯µ��f�E¢§�Ð¿��U"

Ý� PSA ÞßEOà��Xá6 

|®� ZORBAX  Eclipse plus C

18

�ZORBAX  

SB C

18

� shimpack ODS SRB��Ë���

ZORBAX Eclipse plus C

18

Ë��yy�ÚÒ�â

g��L�6�#aÝ<CE�e�¯¦�¿À

"���p 17 min ÞÖNhi���ê¯°yU

®¦E·k6 

¤���n�0ã�ýääåE���p

65%~68%�E�:MWp�5Ý����2 78%

��?�T����æp 80%~118%��6ääå

���®���x?çë®��èD�®�U�

i�Â�p·�¸h56��iJpD¹��I

#�Ù���F6¸¤�����E¯é�0¿

À�RSD Å<5%� 2hi��®2êi��E

��hiJ�6 
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